The UKIRT Infrared Deep Sky Survey (UKIDSS) is the first of a new generation of infrared surveys. Here we combine the data from two UKIDSS components, the Large Area Survey (LAS) and the Galactic Cluster Survey (GCS), with 2MASS data to produce an infrared proper motion survey for low mass stars and brown dwarfs. In total we detect 267 low mass stars and brown dwarfs with significant proper motions. We recover all ten known single L dwarfs and the one known T dwarf above the 2MASS detection limit in our LAS survey area and identify eight additional new candidate L dwarfs. We also find one new candidate L dwarf in our GCS sample. Our sample also contains objects from eleven potential common proper motion binaries. Finally we test our proper motions and find that while the LAS objects have proper motions consistent with absolute proper motions, the GCS stars may have proper motions which are significantly under-estimated. This is due possibly to the bulk motion of some of the local astrometric reference stars used in the proper motion determination.
INTRODUCTION
The study of the lowest mass stars and brown dwarfs is one of the most active areas of current Galactic research. The identification of samples of such objects allows both the low mass/substellar luminosity and mass functions to be constrained. These can in turn be used to constain models of star and brown dwarf formation. Additionally such samples may produce interesting single or multiple objects, whose spectroscopic properties could inform atmospheric models for brown dwarfs and giant planets.
Until relatively recently the majority of proper motion surveys have concentrated on optical data. Among the first to use proper motion as a tool to select faint, nearby populations was Luyten. His work using photographic plates culminated in two large scale catalogues of high proper motion stars, the Luyten Half Arcsecond catalogue (LHS -Luyten 1979a) and the New Luyten Two-Tenths catalogue (NLTT -Luyten 1979b) . Since that time much work has gone into identifying objects Luyten missed and filling in areas of poor coverage. The majority of recent wide-field proper motion surveys have used digitised photographic plate data, mostly in optical filters. Such surveys include Lepine & Shara (2008) , Hambly et al. (2004) , Pokorny et al. (2003) and Finch et al. (2007) . Infrared proper motion surveys are an ideal instrument for producing samples of low mass stars and brown dwarfs. These objects are cool T ef f < 3500K and hence are intrinsically faint and red. As a result they are most easily detected in the infrared. The first infrared proper motion survey was conducted by Deacon, Hambly & Cooke (2005) , this used SuperCOSMOS (Hambly et al. 2001 ) scans of UKST I plates along with data from the 2 Micron All Sky Survey (2MASS - Skrutskie et al., 2006) to produce a sample of 144 low mass stars and brown dwarfs with proper motions above half an arcsecond per year. In the later paper (Deacon & Hambly 2007 ) the sample was expanded to more than 7000 objects with the minimum proper motion limit reduced to 0.1"/yr. Recently Looper et al. (2008) used available overlap areas in the 2MASS data to detect two new L dwarfs using an infrared proper motion survey. Metchev et al. (2008) used 2MASS data along with those from the partially infrared Sloan Digital Sky Survey (Adelman-McCarthy et al. 2006 ) to identify two new T dwarfs and 22 new L dwarfs.
Recent large-scale infrared surveys such as the DEep Near Infrared Survey (DENISEpchtein et al., 1997)) and 2MASS took place at the end of the last decade and the start of this one. They produced CCD quality infrared data over tens of thousands of square degrees to depths of 16.5 and 15.8 respectively in the J band. Both surveys have led to large samples UKIDSS-2MASS Proper Motion Survey I 3 of late type objects being identified and classified (Kirkpatrick et al. 1999 , Burgasser et al. 2002 , Delfosse et al. 1997 . The generation of infrared surveys following DENIS and 2MASS is led by the UKIRT Infrared Deep Sky Survey (UKIDSS - Lawrence et al. 2007 ). This suite of surveys using WFCAM (Casali et al. 2007 ) on the UK Infrared Telescope (UKIRT) provides both large scale surveys for studies of galactic and extragalactic populations and deep pencil-beam surveys to examine the population of high redshift galaxies. The two surveys of the most interest to the study of low mass stars and brown dwarfs are the Large Area Survey (LAS) and the Galactic Clusters Survey (GCS). The LAS will have a final area of 4000 square degrees, will be in four passbands (Y , J, H and K) to a depth of J=19.6
and will also provide a second J band epoch for proper motion measurements. It covers an area away from the Galactic plane and is intended for the study of high redshift quasars and cool dwarf/subdwarfs in the field. This survey has already produced interesting results, both in terms of individual cool objects ) and the population of low mass objects (Pinfield et al. 2008) . The GCS concentrates on ten star forming regions and open clusters. In addition to the four colours used in the LAS, Z band data is available and a second K epoch will provide proper motion data for the clusters. So far studies such as Lodieu et al. (2006) and Lodieu et al. (2007) have used the data released to produce mass functions for Upper Sco and the Pleiades respectively. The GCS can be used also for the study of objects lying in the foreground of the target clusters (Lodieu et al., in preparation) .
The UKIDSS data is released through the WFCAM Science Archive (WSA -Hambly et al. 2008) and is available to all European Southern Observatories (ESO) members. The current release is Data Release 4 (DR4). Additionally astronomers from non-ESO countries can access the data after an 18 month delay. The soon to be operational Visual and Infrared Survey Telescope for Astronomy (VISTA - Emerson et al. 2004) will provide an even faster infrared surveying capability than WFCAM. It will cover the whole southern hemisphere in two bands (J and K) including several thousand square degrees with additional Y and/or H band photometry.
METHOD
Our method for selecting candidate ultracool dwarfs is almost identical to that used in Deacon et al. (2005) and Deacon & Hambly (2007) . The first selection process is to identify UKIDSS objects with counterparts in 2MASS within a distance of roughly 4-5σ (where σ is the positional error between the surveys). Clearly to be able to carry out this selection we must first identify the typical positional errors between the surveys. This was done by comparing the positions of objects between the two surveys and calculating the standard deviation between the two while removing non-Gaussian outliers. A plot of the errors vs. J band magnitude is shown in Figure 1 . It is reasonable to assume that above the saturation limit (J=10.5) the positional errors are of the order of 0.1 arcseconds in each axis. Hence a minimum positional shift of 0.6 arcseconds will have a significance of 5σ.
In addition to the astrometric cut, only objects with good stellar profiles (i.e. a classification statistic between −3 and 3) were selected. We also excluded objects with magnitudes brighter than the saturation limit for each filter and those more than one magnitude fainter than the 2MASS detection limit of J=15.8. lie. All of these cuts were enacted using the SQL query shown in Appendix A. This was submitted to the WFCAM Science Archive which returned our unpaired UKIDSS sample.
Next we attempted to identify 2MASS companions to the unpaired UKIDSS objects. This was done by searching through the appropriate 2MASS files and identifying any good stellar object within 100 arcseconds of the UKIDSS object with a similar J band magnitude (within one magnitude). To ensure that each 2MASS object was not a non-moving coincidence background object, we then checked to ensure each object did not have a UKIDSS companion within the 0.6 arcsecond movement cut. This was done using the WSA CrossID function.
Any 2MASS object with a UKIDSS pair within 0.6 arcseconds was excluded from the sample.
Next the UKIDSS images of all the candidates were inspected by eye to remove any objects which could have poor astrometry resulting from deblended images or nearby bright stars.
To ensure accurate proper motion estimates we attempted to calculate individual astrometric solutions for each object in our sample. To do this we used the WSA Cross-ID function to identify all good stellar images within five arcminutes of each object in our sample. These objects provide a set of astrometric reference stars for each star in our sample.
We then cross referenced these reference stars with the 2MASS catalogue so we had their positions in both datasets. For each star in our sample we selected reference stars with J band brightnesses within one magnitude of the target and used these to do a standard six parameter plate-to-plate fit. This allows us to correct for any offsets between the astrometric systems and calculate local positional errors. If a target had too few reference stars (five or fewer) associated with it, no plate-to-plate fit was carried out and a magnitude dependent error estimate was taken from the global error estimate shown in Figure 1 . Whether an object's astrometry uses the local or global astrometric solutions is indicated in the data tables (see Appendix B). Only objects with proper motions more significant than 5σ were included in the final sample. However an astrometric solution calculated using too few reference stars will underestimate the positional errors. Hence we carried out a series of simulations to estimate difference between the positional errors found using a set of n ref (σ measured ) and the true positional error (σ true ) which we set as an input to our simulations. It was found that the following relationship was a good estimate for the underestimation of the positional errors,
Hence this equation was used to apply a correction factor to all the astrometric solutions calculated using sets of reference stars. The main aim of this study is to examine the population of ultracool dwarfs in the field. This is complicated by the fact that in the GCS areas, our 5σ lower proper motion cut could include some objects which are members of the target clusters. Hence for the GCS data we have set a minimum proper motion of 80 milliarcseconds per year. This excludes objects with proper motions similar to all the GCS clusters with the exception of the Hyades (which does not appear in the dataset we use).
Our survey covers all the area included in the UKIDSS DR4 for the LAS and the GCS.
These surveys consist of 993 sq.deg. and 148 sq.deg. of sky respectively.
RESULTS
The Large Area Survey (LAS) sample produced 213 candidate objects of which 44 are previously identified by other surveys. The Galactic Clusters Survey (GCS) produced a sample of 54 objects, 12 of which are previously known. A list of all the objects identified can be found in Appendix B. Figure 2 shows infrared colour-colour diagrams for both survey samples. In both cases it is clear that there is only one object which is both redder than Y − J=1.1 and bluer than J − H=0.5. Comparing these with colours from Hewett et al.
(2006) we can conclude that there is only one object with a spectral type later than T3 in our sample (our full sample includes all objects found in the LAS and GCS). One clear difference between the two samples of objects found in the LAS and those found in the GCS is the appearance of several objects above the main M dwarf locus in the GCS sample.
By comparison the LAS sample has a tight stellar locus which becomes less dense towards the L dwarf regime (redder than Y − J=1.1). One member of this second locus is NLTT 42735, an object which appears in the initial DENIS low mass stars sample of Crifo et al. (2005) . They use spectroscopy to identify NLTT 42735 (UGCS2MASS1625−2400) as a reddened F-K type star and hence exclude it from their final sample. They point out that its reddening is probably due to its proximity to a known molecular cloud. Checking our seven objects (UGCS2MASS0408+2447, UGCS2MASS0536-0454, UGCS2MASS0433+2933, UGCS2MASS0541-0305, UGCS2MASS1625-2400, UGCS2MASS1631-2404 and UGCS2MASS1637-2200) which lie above the main stellar locus using the SIMBAD database reveals that five are within ten arcminutes of know molecular clouds or dark nebulae. Given that this second locus only appears in the GCS (which samples clusters which lie close to star formation UKIDSS-2MASS Proper Motion Survey I 7 Figure 2 . The UKIDSS colour-colour diagrams for our two samples. Dots represent newly discovered objects and stars those found in previous surveys. Note the second locus in the GCS data which lies above the main locus. We believe this consists of highly reddened early type stars behind molecular clouds.
regions) and not in the LAS (which samples an area of high Galactic latitude) we believe we can assume that it consists of earlier-type stars which lie behind the star formation regions and are reddened by the gas and dust. As we do not believe these objects are true low mass stars or brown dwarfs, we recommend that they are excluded from any cool dwarf sample derived from our data. As a number of other objects appear to lie only slightly above the Table 1 . A list of all objects in our sample redder than Y − J=1.1. The astrometric solutions were calculated using a fit to local reference stars. All photometry uses the standard UKIDSS filters (Hewett et al. 2006 Table 2 . Photometry and astrometry for the two objects ULAS2MASS1253+0740a and ULAS2MASS1253+0740b which share a common proper motion. The astrometric solutions were calculated using fits to local reference stars. main stellar locus we would advise anyone using our GCS sample to bear in mind that these objects may be reddened early type stars also.
Ultracool Dwarfs
The prime motivator for this survey is to identify a clean sample ultracool dwarfs. To further this aim we selected objects in our sample which were redder than Y − J=1.1. According to Hewett et al. (2006) , this should give us a sample completely free from M dwarfs and earlier spectral types. The objects identified are listed in Table 1 along with their astrometry and photometry. Of the total of nineteen objects listed, eleven are previously known (one of which is a previously identified T dwarf). Hence of the eighteen objects with L dwarf-like colours only ten are previously known. Clearly spectroscopic identification of the previously unidentified eight objects is required, but even if only a few are genuine L dwarfs, this would indicate incompleteness in our current knowledge of even the relatively bright L dwarf population. Table 3 . Photometry and astrometry for objects in our sample which have a common proper motion companion found in another study. Astrometric solutions were calculated using fits to local reference stars. Some companion objects were brighter than the UKIDSS saturation limits. For these the photometry is drawn from 2MASS and they can be recognised by their lack of a Y magnitude. Citation key -a: Tycho catalogue (Hog et al. 1998 
. 
Common Proper Motion Objects
We utilised the same technique that was used in Deacon & Hambly (2007) to search for objects in our sample that may have a common proper motion companion within our sample. This means we searched for objects separated by less than three arcminutes with proper motions within two sigma of each other. This produced one potential pair, ULAS2MASS1253+0740a and ULAS2MASS1253+0740b. These are separated by only 6.3 arcseconds (only just outside the 2MASS proximity limit for good quality photometry and astrometry). The details of this pair can be seen in Table 2 .
Additonally we checked all of our objects against the Simbad database to identify any from previous surveys which may be common proper motion companions. Using the same criteria as before we identified ten potential common proper motion pairs the details of which can be found in Table 3 . Of these two have measured Hipparcos parallaxes, NLTT 33793 (a K8 star) with π=26.22±1.68 milli-arcseconds and HD 22992 (an F2 star) with π=18.79±1.05
milli-arcseconds. At these parallaxes, (with angular separations of 2.83 and 2.05 arcminutes respectively) both systems would have separations of roughly 6500AU. However in Section 3.4 we calculate distance estimates for these two objects. These lead us to conclude that HD Table 4 . The astrometry and photometry for the two objects for which spectra were taken. For both, the first line includes the astrometry and UKIDSS photometry and the second line the 2MASS photometry. No relative local astrometry was possible in the fields of these stars owing to a lack of suitable refernce stars, so the global astrometry was used for proper motion measurements. Citation key -a: Luyten NLTT, b: 229920 and UGCS2MASS0342+2248 are not physically related but that NLTT 33793 and ULAS2MASS1320+0957 probably are.
Spectroscopic Follow-up
The sample presented here uses data from the UKIDSS Data Release 4. However before these data were available we used the same method on the smaller Data Release 2 to identify potentially interesting objects. As a result we applied for service observations on the UK Infrared Telescope (UKIRT) for a number of objects whose colours and magnitudes suggested they were within 30pc. Of these, two objects had spectra taken by UKIRT staff on the nights of the ninth and tenth of January 2008. These spectra were obtained using the IJ grating on the UIST spectrograph and consisted of four individual spectra jittered in an ABBA pattern. Standard star spectra and calibration frames were also taken. The data were reduced using the Figaro (previously known as LSPM J1354+0846) respectively. Table 4 shows the UKIDSS photometry and our calculated astrometry for the two objects. We used the equivalent widths of K I lines at 1.169 and 1.179 microns and the values for those lines quoted in Cushing et al. (2005) for each spectral type to determine spectral classification. With an EW (in angströms) of 6.9
for the 1.179µm line and 2. 
Photometric Distance Estimates
While a list of potential nearby cool dwarfs is useful, photometric distance estimates can help to identify the nearest objects in our sample. To do this we took the data from Hewett et al. (2006) and Leggett (private communication) for the WFCAM colours of cool dwarfs and combined these data with those from Golimowski et al. (2004) (which is itself based on a series of trigonometric parallax measurements from the literature) to produce a series of relations. The first set of these relate colours to spectral type. These are plotted in the lower panels of Figure 5 . Separate polynomials for the M and L and T dwarf regimes are fitted, these are shown in Table 5 . The Y − J, J − H and H − K colours were used to calculate a separate spectral type for each for the target object. As many of these relations have no unique solution for some colours, more than one spectral type for each colour was normally calculated. Next the spectral types were grouped together so that three spectral types from the three colours were in the close agreement. In some cases there was more than one valid grouping of estimated spectral types. Each group was then averaged to calculate the estimated spectral type. If there is more than one calculated spectral type, other data must be used to select the correct estimation. Here we use i and z photometry from the Sloan Digital Sky Survey. The fourth colour relation we use plots i − z vs. spectral type. We use this relation along with Sloan photometry and choose the calculated spectral type where the photometry and the colour relation are in best agreement. Once this spectral type was calculated the observed magnitudes in each passband could be compared with the relation between spectral type and the absolute magnitude in that particular passband (see Table 5 and the top 4 panels of Figure 5 ). A distance from each passband was then calculated and these were averaged to produce a final distance estimate.
Clearly the relations must be tested to ensure they are reliable. To do this we first took the measured spectral types for our potential L and T dwarfs (see Table 1 ). We then com- pared these with each object's spectral calculated by our method. We found that in general we had a standard deviation of roughly 1.5 subtypes. We also used objects common between our sample and Reid et al. (2008) to estimate the accuracy of our distance estimates. These had calculated photometric distances from 2MASS data and from Cruz et al. (2003) . We compared these distances with our own and found that (once the errors on the Reid et al.
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distance calculations had been taken into account) our calculated distances were accurate to roughly 20%. We recommend that these relations are only used for initial sample selection. We do not believe these are accurate enough to quote values for distances. Table 6 shows a list of all the objects in our sample which we believe to be within 30pc based on our photometric distance relations. Our sample includes both the objects which we spectroscopically classified. In the previous section we calculated the distances to these objects using an independent method, both were estimated to be M7 dwarfs at roughly 20pc. Here, both have distance estimates of roughly 20pc with one estimated to be an M7 dwarf and one an M6.5 dwarf. In Section 3.2 we identified two objects which shared a common proper motion with nearby stars with Hipparcos parallaxes. Using the photometric relations we find that UGCS2MASS0342+2248 lies at roughly 80.2 parsecs and ULAS2MASS1320+0957 at approximately 38.2 parsecs. As HD229920 -the common proper motion companion of UGCS2MASS0342+2248 -lies at 53pc, we must conclude these objects are unlikely to be related. However NLTT 33793 lies at 38.2pc, a good match to our distance estimate for ULAS2MASS1320+0957.
DISCUSSION
To provide a simple estimate of completeness we plotted a cumulative histogram of objects'
proper motions. Assuming the stellar velocity and positional distributions do not change Figure 5 . Plots of the data and fits for the colour magnitude relations. The data here includes the colours from Hewett et al. (2006) and absolute magnitudes from Golimowski et al. (2004) . M0 is spectral type 0, L0 spectral type 10 and T0 spectral type 20. Table 6 . Objects with photometric distance estimates within 30pc according to our photometric distance relations. The first spectral type and distance are calculated using our distance estimates, the second spectral type and distance estimate come from another source. Citation key -a: Burgasser et al. (2004) significantly, the cumulative number of objects should scale as µ −3 (see Figure 6) . A line showing this scaling is also plotted. It is clear that the completeness begins to drop off below about µ = 0.2"/yr. This will be due to distant, fainter objects being excluded from our sample due to magnitude limits. At the lowest proper motions higher astrometic errors may also cause some objects to be excluded. To check our completeness for cool objects we used the Dwarf Archives website to identify any potential L and T dwarfs in our survey area with brightnesses within our detection range. Eleven L dwarfs of sufficient brightness were identified in our survey area. Of these one (GD 165B) did not appear in our sample. The reason for this is that the 2MASS proximity flag for this object was below six arcseconds due to the closeness of its binary companion. Of the known T dwarfs only 2MASS12314753+0847331 lies in the survey area, this object is detected. Hence we detect all the known, single L and T dwarfs brighter than the 2MASS limit in our survey area
In order to examine the accuracy of our proper motions we cross-referenced our catalogue with that of Lepine & Shara (2005) . In the LAS sample there were fifteen common objects between the two surveys. Our proper motions of these agreed well with those of Lepine and Shara. However there were large offsets found in two of the four objects in both Lepine and Shara and our GCS sample. The reason for this is that we are measuring relative proper motions while Lepine & Shara measure absolute proper motions. Put simply both our relative astrometry and the UKIDSS astrometry use stars to define our reference frame, Lepine and Shara use quasars to set their astrometric reference frame. This leaves us vulnerable to the proper motions of our reference stars introducing an error to our astrometric system. As the Galactic Cluster Survey is taken in the area of known open clusters, there will be a distinct bulk motion of a large number of potential reference stars. Hence there will be an offset in our proper motions measurements.
The objects found in the UKIDSS GCS are probably unrelated to the target clusters.
As we have chosen a minimum proper motion of 80 milliarcseconds per year all our objects have proper motions at least 2-3 σ higher than the proper motions of nine out of the ten target clusters and star forming regions. The one exception is the Hyades, however the core area of the Hyades does not yet have the UKIDSS GCS multiband observations required for this survey. Additionally several objects are listed as being cluster members in Table B2 (this cluster membership flagging comes from their descriptions in SIMBAD). These objects
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are listed as either members of the Pleiades or α Per. If our proper motion measurements for these objects are correct it would indicate that they are not members of these clusters.
CONCLUSIONS
Our attempt to utilise the currently available UKIDSS data for a proper motion survey has successfully detected all the expected, previously known single L and T dwarfs in our LAS survey area. Additionally we have found seven objects in the LAS and one in the GCS that are good candidate L dwarfs. Finally, initial spectral follow-up of our sample has classified two previously known objects. Rough distance estimates put these as being within 25pc.
In further iterations of this work with future UKIDSS data releases we will attempt to tie our proper motions to absolute proper motions, avoiding the offsets in the Galactic Clusters Survey sample. This work could easily be extended to cover the upcoming surveys by the VISTA telescope. 
UKIDSS project is defined in Lawrence et al (2007). UKIDSS uses the UKIRT Wide Field
Camera (WFCAM; Casali et al 2007) and a photometric system described in Hewett et al (2006) . The pipeline processing and science archive are described in Irwin et al (2008) and Hambly et al (2008) . We have used data from the 2nd, 3rd and 4th data releases, the first of which is described in detail in Warren et al. (2007b) . This publication makes use of data products from the Two Micron All Sky Survey, which is a joint project of the University Table B1 . Objects identified in our LAS sample. All photometry is in the UKIDSS system (Hewett et al. 2006) . 1 denotes objects whose astrometric solutions was calculated using local reference stars while 2 denotes those calculated using only global error estimates. Citation key -a:Schneider et al. (2002) Table B1 . Objects identified in our LAS sample. All photometry is in the UKIDSS system (Hewett et al. 2006) . 1 denotes objects whose astrometric solutions was calculated using local reference stars while 2 denotes those calculated using only global error estimates. Citation key -a:Schneider et al. (2002) . Table B1 . Objects identified in our LAS sample. All photometry is in the UKIDSS system (Hewett et al. 2006) . 1 denotes objects whose astrometric solutions was calculated using local reference stars while 2 denotes those calculated using only global error estimates. Citation key -a: Schneider et al. (2002 ) b: Luyten (1979b (2000), r: Kirkpatrick et al. (2000) . Table B2 . Objects identified in our GCS sample. All photometry is in the UKIDSS system (Hewett et al. 2006) . 1 denotes objects whose astrometric solutions was calculated using local reference stars while 2 denotes those calculated using only global error estimates. * denotes the object has been identified as a potential cluster member. a: Stauffer et al. (1999) 
